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(54) FILM-FORMATION APPARATUS 



(57)Abstract: 



PURPOSE: To supply electric power to a 




plasma device with good efficiency by 



reducing a loss in electric power in a 



matching circuit for a plasma film- formation 



apparatus. 



CONSTITUTION: A film-formation 



apparatus is composed of the following: a 



high-frequency power supply 20 which supplies high-frequency electric power; a 
plasma generation device 10; and a matching circuit 30 which is provided 
between the high-frequency power supply 20 and the plasma generation device 
10. In the film-formation apparatus, a coaxial line 50 whose length can increase 
the resistance component of an input impedance on the side of the plasma 
generation device 10 as viewed from the matching circuit 30 is connected 
between the matching circuit 30 and the plasma generation device 10. 

CLAIMS 



[Claim(s)] 



[Claim 1] (a) the RF generator which supplies high-frequency power, (b) plasma 
generator, and (c) - the membrane-formation equipment which consists of a 
matching circuit prepared between said RF generators and said plasma 
generators - setting - (d) - the membrane-formation equipment characterized 
by to connect the coaxial track of the die length which increases a resisted part 
of the input impedance by the side of said plasma generator seen from said 
matching circuit between said matching circuits and said plasma generators. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the membrane formation 
equipment which has a matching circuit for supplying high-frequency power to 
the plasma generator which is a membrane formation means in plasma 
membrane formation equipment etc. efficiently from an RF generator. 
[0002] 

[Description of the Prior Art] the plasma generator which is a membrane 



formation means in the plasma membrane formation equipment from the former 

and an RF generator etc. - high-frequency power - supplying - for — an RF 

generator and a plasma generator - it is carrying out through the matching 

circuit in between. Drawing 7 is the supply circuit diagram of the high-frequency 

power to conventional plasma membrane formation equipment. 

[0003] For 10, as for an RF generator and 30, in drawing, a plasma generator 

and 20 are [ a matching circuit and 40 ] coaxial tracks. The value of the 

characteristic impedance of said coaxial track 40 is connected to the matching 

circuit 30, setting it as the same magnitude as the output-impedance value of RF 

generator 20, and taking adjustment with this RF generator 20. Furthermore, 

said matching circuit 30 is connected with the plasma generator 10. 

[0004] The high-frequency power from RF generator 20 is supplied to a plasma 

generator through a coaxial track 40 and a matching circuit 30 by the 

aforementioned configuration. 

[0005] 

[Problem(s) to be Solved by the Invention] However, there are the following 
troubles in said conventional plasma membrane formation equipment. Since the 
resistance component of a plasma generator is generally the low resistance 



i 



value of about several ohms, in supply of the high-frequency power by 
equipment, a high current flows on each component and line in a matching 
circuit 30 at the time of adjustment conventionally [ said ]. Therefore, the Joule's 
heat occurs by the resistance component of each component of a matching 
circuit 30, and the resistance component which a line has. The Joule's heat 
generated by this resistance component is the amount which cannot be 
disregarded from RF generator 20 to the power which should be supplied to the 
plasma generator 10, and it will be consumed vainly, without being used in the 
plasma generator 10. 

[0006] The power consumption in the aforementioned matching circuit 30 is 
explained. Drawing 8 is the conventional plasma generator and the 
representative circuit schematic of a matching circuit, and drawing 9 is the 
schematic diagram of a plasma generator, drawing 9 -- setting - 1 1 - a chamber 
and 12 - a substrate electrode and 13 - the plasma and 14 -- an RF electrode 
and 15 - stray capacity and 16 - plasma capacity and 17 - plasma resistance - 
it is - a plasma generator - a resisted part RL A part for Reactance XL It is 
expressed equivalent as an impedance. Moreover, in drawing 8 , ZL (=RL+jXL) 
is the impedance of the plasma generator 10, and r is the sum total of the 



component of a matching circuit 30, and the resistance of a line 40. Said 
impedance ZL It is the synthetic value of the impedance of the plasma itself, and 
the stray capacity which the plasma generator 10 has. Generally it is an 
impedance ZL. Real part RL A resistance component is about several ohms in 
low resistance value, and is an impedance ZL. Imaginary part XL It becomes a 
negative value and is a capacitive reactance. 

[0007] In the aforementioned equal circuit, when high-frequency power P is 
supplied from RF generator 20 in an adjustment condition, since the resistance 
component of the impedance of the plasma generator 1 0 is the low resistance 
value of about several ohms, a high current flows. It is expressed with P.r/(r+RL) 
and the power consumption in the matching circuit at this time is the resistance 
component RL of the impedance of the plasma generator 1 0. It is emitted as 
heat in the power P supplied, so that the value was small, and the amount of 
power loss becomes large. 

[0008] This invention reduces the power loss in the matching circuit of said 
conventional plasma membrane formation equipment, and aims at carrying out 
an electric power supply efficiently to plasma equipment. 
[0009] 



[Means for Solving the Problem] The RF generator which adds a coaxial track 
and supplies high-frequency power between the plasma generator of equipment, 
and a matching circuit conventionally in order that this invention may conquer 
the above-mentioned trouble, In the membrane formation equipment which 
consists of a matching circuit prepared between a plasma generator, and said 
RF generator and said plasma generator The coaxial track of the die length 
which increases a resisted part of the input impedance by the side of said 
plasma generator seen from said matching circuit between said matching 
circuits and said plasma generators is connected. 
[0010] 

[Function] According to this invention, only by connecting a coaxial track, the 
power loss in the matching circuit of conventional plasma membrane formation 
equipment can be reduced between a matching circuit and a plasma generator, 
and an electric power supply can be efficiently carried out to it to a plasma 
generator. 
[0011] 

[Example] Hereafter, it explains to a detail, referring to drawing about the 
example of this invention. Drawing 1 is the supply circuit diagram of the 



high-frequency power to the plasma generator concerning the example of this 
invention, and drawing 2 is the representative circuit schematic of the supply 
circuit diagram of the high-frequency power to the plasma generator concerning 
the example of this invention. 

[0012] For a plasma generator and 20, as for a matching circuit and 40, in 
drawing, an RF generator and 30 are [ 10 / a coaxial track and 50 ] coaxial tracks. 
Said plasma generator 10, RF generator 20, the matching circuit 30, and the 
coaxial track 40 are the same as the supply circuit of the high-frequency power 
to the conventional plasma generator 10, and the value of the characteristic 
impedance of said coaxial track 40 is set as the same magnitude as the 
output-impedance value of RF generator 20, and is connected to the matching 
circuit 30. Furthermore, said matching circuit 30 is connected with the plasma 
generator 10. 

[0013] The supply circuit of the high-frequency power to the plasma generator of 
the membrane formation equipment of this invention connects a coaxial track 50 
between the plasma generator 10 and a matching circuit 30 in said conventional 
supply circuit. Here, a characteristic impedance is said coaxial track 50 Z0 It 
carries out and the line length I is set to k times as much klambda as the 



wavelength lambda of RF generator 20. Moreover, suppose that the case of the 
former which does not insert a coaxial track 50 is expressed with Index L, and 
the case of this invention which inserts a coaxial track 50 is expressed with Index 
LK. 

[0014] It sets to drawing 2 and, for an impedance ZLK, the aforementioned 
characteristic impedance is Z0. It is the impedance seen from the matching 
circuit 30 when inserting the coaxial track 50 of the line length I between the 
plasma generator 10 and a matching circuit 30, and is expressed with ZLK 
(**RLK+jXLK). Moreover, impedance ZL It is the synthetic value of the 
impedance of the plasma itself, and the stray capacity which the plasma 
generator 10 has. Generally it is the real part RL of an impedance ZL. A 
resistance component is about several ohms in low resistance value, and is an 
impedance ZL. Imaginary part XL It becomes a negative value and is a 
capacitive reactance. 

[0015] Here, the impedance when seeing the plasma generator 10 side from a 
matching circuit 30 is compared in the supply circuit of the high-frequency power 
to the plasma generator of the membrane formation equipment of this invention, 
and the supply circuit of the high-frequency power to the conventional plasma 



generator. Drawing 3 is comparison drawing of the input impedance by the side 
of a plasma generator, the part which a load is the plasma generator 10 and was 
divided with the broken line in drawing - a characteristic impedance ZO It is 
the coaxial track 50 which makes k times [ when considering as the wavelength 
lambda of RF generator 20 ] as many k[ as this ] lambda the line length I. the 
input impedance which the input impedance seen from the matching circuit 30 of 
the plasma generator of the membrane formation equipment of this invention is 
ZLK, and was seen from the matching circuit 30 of the conventional plasma 
generator - ZL it is . 

[0016] Next, drawing 2 explains the power consumption in the matching circuit 
30 by the supply circuit of the high-frequency power to the plasma generator of 
the membrane formation equipment of said this invention. In the equal circuit of 
drawing 2 , it is the impedance ZLK (**RLK+jXLK) seen from the matching circuit 
30, and r is the sum total of the component of a matching circuit 30, and the 
resistance of a line 40, 

[0017] In the aforementioned equal circuit, when high-frequency power P is 
supplied from RF generator 20 in an adjustment condition, the power 
consumption by a total of r of the component of a matching circuit and the 



resistance of a line 40 is expressed with P.r/(r+RLK). !t depends for said power 
consumption on a resisted part RLK of the impedance ZLK seen from a total of r 
and matching circuit 30 of the component of a matching circuit, and the 
resistance of a line 40. 

[0018] A plasma generator and a coaxial track 50 determine a resisted part RLK 
of the impedance ZLK seen from the matching circuit 30 to a total of r values of 
the component of said matching circuit and the resistance of a line 40 becoming 
settled by this component. Then, it is the impedance ZL of the conventional 
plasma generator about a resisted part RLK of the impedance ZLK seen from 
the matching circuit 30 by said coaxial track 50 in the supply circuit of the 
high-frequency power to the plasma generator of the membrane formation 
equipment of this invention. A resisted part RL The amount of the power 
disappearance in a matching circuit 30 is made small by enlarging. 
[0019] Next, it is the impedance ZL of the conventional plasma generator about 
a resisted part RLK of the impedance ZLK seen from said matching circuit 30. A 
resisted part RL The conditions of the coaxial track 50 for enlarging are 
explained. Load ZL which is the impedance of introduction and a plasma 
generator This load ZL A characteristic impedance is Z0. Relation with the 



impedance ZLK seen from the matching circuit 30 when the line length I 
connects a coaxial track k times the die length of the wavelength lambda of a 
power source which is klambda is explained. 

[0020] Drawing 4 is the Smith chart of complex impedance. Said impedance ZL 
And generally ZLK is treated as complex impedance. First, the general relation 
of complex impedance is explained in drawing. Complex impedance ZL ZLK 
Relation is given by the degree type (1). 
ZLK=Z0 {ZL+jZO tan (2pik)} / {ZO+jZL tan (2pik)} (1) 

Moreover, the reflection coefficient gamma <**U+jV) which is an amount 
corresponding to complex impedance Z (**R+jX) and one to one is given by the 
degree type (2). 
[0021] 

gammaL =(ZL-Z0)/(ZL+Z0) - (2) 

Here, if said reflection coefficient gamma expresses the relation between the 
index L in the former which does not insert a coaxial track 50, and the index LK 
in the case of this invention which inserts a coaxial track 50, it will become a 
degree type (3) by an aforementioned formula (1) and an aforementioned 
formula (2). 



gamma LK=gamma L exp (-j4pik) -- (3) 

There is relation of the following formulas (4) and (5) so that clearly from said 

formula (3). 

[0022] 

j gammal_K|=|gammaL | - (4) 
ArggammaLK=arggammaL -4pik - (5) 

Drawing 4 is the Smith chart which plotted the relation of the aforementioned 
formula (4) and (5). drawing - setting - reflection coefficient gammaL UV 
coordinate top -- distance IgammaL | from a core - |(ZL-Z0)/(ZL+Z0) | — it is -- 
include angle arggammaL as the location of arg {(ZL-ZO) /(ZL+ZO)} -- a table - 
last ** on the other hand reflection coefficient gammaLK - UV coordinate top - 
distance |gammaLK| from a core -- IgammaL | - the same -- an include angle 
arggammaLK - include angle arggammaL from ~ it is in one 4k times the 
location of pi which returned 4pik radians. 

[0023] Moreover, complex impedance ZL RL which is a resistance component If 
a fixed locus is expressed on the Smith chart of UV coordinate, it will be given by 
the degree type (6). 

[U-{RL / (RL+ZO)}] 2+V2 = {Z0/(RL+Z0)} 2 (6) 



Drawing 5 is a Smith chart with a fixed resisted part. 

[0024] drawing - setting - the inside of the iocus of a formula (6) -- setting - 
R>RL it is - on the other hand - the outside of the locus of a formula (6) - 
setting -- R<RL it is . Said complex impedance ZL RL which is a resistance 
component Generally it becomes settled with the plasma generator 10, and if 
magnitude, a configuration, etc. of the plasma generator 10 do not change, 
suppose that it is almost fixed. Therefore, RL in drawing 5 The point on a fixed 
locus is the impedance ZL of the plasma generator 10. A resistance component 
is the same and it differs for a reactance. 

[0025] Moreover, the resistance component of the impedance seen from the 
matching circuit 30 in drawing is RL. For power consumption [ in / on the range 
which becomes small, and / said matching circuit 30 ], the resistance component 
of an impedance is RL. As compared with a thing, it becomes large. On the other 
hand, it is the resistance component RL. For power consumption [ in / on the 
range which becomes large, and / said matching circuit 30 ], the resistance 
component of an impedance is RL. As compared with a thing, it becomes small. 
[0026] resistance component RL of the impedance seen from said matching 
circuit 30 in the supply circuit of the high-frequency power to the plasma 



generator of the membrane formation equipment of this invention It is the thing 
[ like ] which becomes large and which is alike and connects a coaxial track 50 
between a matching circuit 30 and the plasma generator 10. Next, impedance 
ZL in case the resistance component RLK of the impedance ZLK when 
connecting said coaxial track 50 does not connect a coaxial track 50 Resistance 
component RL The range of k in the case of becoming large is explained. 
[0027] It can ask for the range of said k by said formula (4), (5) and (6), or 
drawing 6 , Drawing 6 is related drawing of the resistance component of the 
impedance concerning a difference of connection of a coaxial track 50. It sets to 
drawing and is an impedance ZL. Resistance component RL Fixed Locus a and 
a fixed impedance ZL The locus b of the impedance ZLK when connecting the 
coaxial track which has wavelength k times the die length of lambda crosses in 
Point A and Point B. Here, the resistance component RLK of an impedance ZLK 
is an impedance ZL. Resistance component RL The range which becomes large 
ls drawing 5 to the impedance ZL. Resistance component RL Since it is the 
inside of the fixed locus a, it becomes the part of the thick wire of drawing. 
[0028] It will become the following formulas if the aforementioned relation is 
expressed with a formula. 



RLK>=RL it is - range of k: 1/2 >=k>=1/2-|arggammaL |/2pi (in the case of XL 
<0) 

| arggammaL |/2 pi>=k >=0 (in the case of XL >=0) 

- (7) 

Here, it is said arggammaL. it is given by the degree type from a formula (2). 
[0029] 

arggammaL =arctan {2Z0 XL/(|ZL |2-Z0 2)} (|ZL |> in the case of Z0) 
arggammaL = arctan {2Z0 XL/(|ZL |2-Z0 2)}-pi (in the case of |ZL \<ZQ and XL 
<0) 

arggammaL = arctan {2Z0 XL/(|ZL |2-Z0 2)}+pi (in the case of |ZL |<Z0 and 
XL>0) 

- (8) 

Therefore, impedance ZL of a piasma generator For line length, a characteristic 
impedance is Z0 at k times of wavelength lambda to this impedance ZL. It sets to 
the impedance ZLK at the time of connecting a coaxial track 50, and a resisted 
part RLK of an impedance ZLK is an impedance ZL. The range of k used as the 
resistance part R is appointed by said formula (7). 

[0030] Since said k ** the line length I of a coaxial track 50 on wavelength 



lambda, when using the same plasma generator 10, the power consumption in a 
matching circuit 30 can be decreased by changing the line length I of a coaxial 
track 50 according to the wavelength of a power source. Next, a numeric 
comparison concrete about an example of a plasma generator is performed. 
[0031] Let the various numeric values of a plasma generator be the following. 
The impedance of the plasma generator 10: Resistance of RL =2ohm and the XL 
=-10-ohm matching circuit 30 : Characteristic impedance of the r= 1-ohm coaxial 
track 50 : Z0 = 50-ohm wavelength (frequency) : lambda= 3m (f= 100MHz) 
said formula (7) and a formula (8) to RLK>=RL it is -- the range of k is 
0.063<=k<=0.5. Here, as a value of k if 0.1875 of said within the limits, the line 
length I of a coaxial track will be set to 0.5625m. 

[0032] An impedance ZLK is set to RLK=6.185ohmXLK=+74.258ohm by 
assigning said value to a formula (1). Therefore, the power loss ratio (r+RL) / 
(r+RLK) in a matching circuit 30 are set to (1+2) / (1+6.185) =0.42. This value 
shows that the power loss in a matching circuit 30 can be reduced to 42% of the 
conventional plasma generator in the membrane formation equipment of this 
invention. 

[0033] In addition, this invention is not limited to the above-mentioned example, 



and based on the meaning of this invention, various deformation is possible for it 

and it does not eliminate them from the range of this invention. 

[0034] 

[Effect of the Invention] As explained above, according to this invention, the 
following effectiveness can be done so by connecting a coaxial track between a 
matching circuit and a plasma generator. 

(1) The power loss in the matching circuit of conventional plasma membrane 
formation equipment can be reduced. 

(2) Therefore, an electric power supply can be efficiently carried out to a plasma 
generator. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is supply circuit drawing of the high-frequency power to the plasma 
generator concerning the example of this invention. 

[Drawing 2] It is the representative circuit schematic of supply circuit drawing of 
the high-frequency power to the plasma generator concerning the example of 



this invention. 

[Drawing 3] It is comparison drawing of the input impedance by the side of a 
plasma generator. 

[Drawing 4] It is the Smith chart of complex impedance. 
[Drawing 5] A resisted part is a fixed Smith chart. 

[Drawing 6] It is related drawing of the resistance component of the impedance 
concerning a difference of connection of a coaxial track 50. 
[Drawing 7] It is supply circuit drawing of the high-frequency power to 
conventional plasma membrane formation equipment, 

[Drawing 8] They are the conventional plasma generator and the representative 
circuit schematic of a matching circuit. 

[Drawing 9] It is the schematic diagram of a plasma generator, 
[Description of Notations] 

10 [ -- The plasma, 14 / -- An RF electrode, 15 / -- Stray capacity, 16 / - Plasma 
capacity, 17 / - Plasma resistance, 20 / -- An RF generator, 30 / — 40 A 
matching circuit, 50 / - Coaxial track ] - A plasma generator, 1 1 - A chamber, 
12 A substrate electrode, 13 



DRAWINGS 



[Drawing 1] 
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[Drawing 4] 




(Drawing 2] 




[Drawing 5] 
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[Drawing 9] 
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gom&ffi&T&v, *ftOfcf-^vxzL oifgux 20 rl <f*ci:;Ej;-3TS'&iHiiS3 0 izm 

[0 0 15] CCTs M^0S&3 0J!j>S:X7XV$S±S [0 0 19] ftKs S5IBK£IIK3 0#5Jifc< Vfcf- 

bi onsjaftiso-c vtr-^vx*, *««<dak yvxzut cojiejs^rlk *saw)^7X7«^ttii©'f 

*©X5XT*4RB^»fl»B;&©tiae@»i:-Plfc |^lKB5 0©a^te^Tfli#f3. S&ttfc. x^x 

«rs. Ei3ti7vX^^ttfy\©A7j-f>t-^ T«a»«©-f>e-*f>x?ft*fl«ZL 

VXtDttBHTSa. HfcfiUT, B«ttX7X*B£ Zl fcftffi-f v£-$r:/X#Zo Tf-QMM I tfBS 

?>z&zo Tosmtiiwm ovum* tLtt tun k t%<D&&m3o&5jnt4>£~$t>xzutQm 

b^abbh077X7b£B«0B£bB3 o*e [0020] g4t** *B-f ve— srvx©xsx?+ 

%tcKMy\d-fyX\tZaXm, fi^cOX^Xv -h?<fc3, tulB-I'Vfcf-XVXZi OCFZutt* —t& 

S^SfiOS^EI»3 0^6BrcA73^>bf-^y^{* tC*B<>K-5f>XtLT*bn«. *t\ BKfiL^ 

Zi T'fc3, TBB-f Vt-4fVX<0HttWBff*WWr*. B»-f 

[0 0 16] Mz. «B*W«©rtBBB©r5X7B Vfcf-^XZL t Z lk ®BBIi*tt (1) tCfc-^T 
£BB^ftBiMft®0mB&lE:J:«B&BB3 0(«: 

Zlk =Zo {Zl + j Zo t a n (2tt k) } / 

{Zo 4- j Zl tan (2nk) } - (1 ) 

£fo BHWVbf-yvJlz (=R+ j X) t-*Mc (2) KJ:7»T*3l6*i«. 

#j&-r.5M?z&s£i#E9&r (=u+ j v) ti^se 40 [0 0 2 1 ] 

Tl = (Zl -Zo ) / (Zl +Zo ) - (2) 

zzt, mmmsQWfautvq&nm&oimL b«« mBBWHkricjzoTBit^ttBoA d) t 

£HMBB5 0«HtA.r«*B9iO««OMBLKM 3t (2) [cJ^T&jS (3) tft*. 

TLS=rL exp (-j47rk) ••■ (3) 

StlBEC (3) #SESfrftJ;3tEJXTfl>SC (4) r [0 0 2 2] 
(5) QMWSi. 

I r u [ — l tl i •■• (4> 

a rgfLK=a rgfi -47rk "-(5) 

04[ijiaf3<7)3e (4) , (5) <BMflR«7*ny hLfcX «B±T»«f ifr^SWlBB I T l |tf| (Zl-Zo)/ 

SX?*-h7fc«o HKfet^T, fi««»r-i tiUV 50 (Zl +Zo ) I T\ MargR tfarg { (2l 



(4) 



#IPR>5-326409 



-Zd ) / (Zl +Zo ) } Ottllit: LTS*S. - 

s»fl»rLi!ttuvaa±Tf*'&i( 4 s©sii I ru 

|3&MTl I ^1;?, ftfia r griKJ^ftfia r gT 
l frS/rcD4 kfB<04 7T k^'v'ZVMofcfilHKft*. 

CU- {Rl / (Rl + Zo ) } 3 2 +V 2 
= {Zo / (Rl +Zo ) } 2 

H 5 ttastaib*-*©;* 5 X? 1 - h 

[0 0 2 4] HKfe^T* St (6) (OWMrtlce^Ttt 
R>Rl TJBy, -*5^ (6) £Oitl»Wtfc^TttR< 
Rl WI3«*'f>bi-^VXZi CO}fi*t/*#? 10 

353RL (i-Jttl«:75 1 OlcJ;?TJE£ 

y> y^x^sgei o©**tf*»tt««!bs* 
i o<m>£-*>xzl ®sRia#tfHi;*'./7'** 

[0 0 2 5] HK^T»^SB3 0«»6Jlft'r 

-£> SRjJt»RL J:y**<a*«HKaBt>TH: l Su 

[0026] *fflmmmmw<D77X^m.%m<\<D 
mmmKommK.m^z^ westerns o# 
safc<vfcr-*>*fl>ffistfie#Ri 

1 / 2 = k = 1 /.2 — | a r g T l 
I a r g f l |/2rr^k^0 
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?wt, 3tet (6) 



C6) 



s o*»«it/tt*©'rvt-*>xzLK (oana^R 

l fiOffifit$#Ri *y*#<ft*«d©kOBHfc'3^ 
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[0 0 2 7] ffBkO&Hfittl&C (4) , (5) St? 
(6) , *fcttH 6 IE* dT*»* 06 

jKsw^wiwaaT**. ekee^t. -r>tf— ?>x 

Zl OjfifctfiSttRL a > X z 

l K3ttllAOkffiOJl««*r«RIIHtBl««HLA:^ 

RLKjtH>kf-*>XZl ©fflcStfiEttRL *y**<ft 
•StSfflt*, glS^SOtf-^VXZL £0fSK^RL 

■So 

[0028] MaoiHffi* jt-psrtWToata*. 

Rlk ^Rl T*Skco|Bffl: 
\/2tt (Xl <0©»&) 
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»Y V fcf-* VX Z l KttKAtfftjt «0 k ftTWW 
> tf-^VXtf Z o OPlttfiSfS 5 0 £ *£NftLft:i|&® 
-fVtf-^XZLK iCfcl^T, -fVt-iJfVT.ZufiOffi 
a»Ru#-fyt:-i ?>XZl ©^fet^Rt^SkcDSB 
BteMSBiS (7) KJ^TStttSft*. 
[0 0 3 0] SufBk [±i^Fta^E&5 0<DW8m I 



| 2 -ZO 2 ) } -JT 

Xl <O0Jg£) 

I 2 -Zo 2 ) } +7T 

( I Z l I <Zo , Xl >0C0i®©) 
... {8) 
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[0 0 3 2] i?IBffl^5C (1) fcttATSEifc^T 

Ru =6. 1 8 5fl 

Xlk =+74. 2 5 80 

Lfctf^T, KdBft3 0t;:&l*««*riJlK.tk 
(r + Ri ) / (r+Rut) (i 
(1 +2) / (1 +6. 1 85) =0, 42 

0SS3 0fcfctf«*7391**^®:f5X?^«I© 
4 2 % icteMT't S E £ *Si U T 1^* . 
[0 0 3 3] ft& 4MI££KJII£fflKIKe£*l«6 

[00 34] 

CD aaw>^5XvjaBKa©»^EB«cew-««* 

(2) LftiibT, r5X?»SSM^»*J:<**flt 
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[12] 4:9monmi£fltb«^?X7ii&itv^«> 

[El 3] 77^R£»HWJ^©A*<Vfc:-*v;w 

[E4] ajiwve-tfvxaxs;*?-*- 

[06] MM^5 0(Ottffio4Sllcfltb«'fvt;-5r 

las] ^or7X7»£m&s^@s«>«nsU8 
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